While continuous positive airway pressure (CPAP) is being increasingly employed for many forms of acute respiratory failure and postoperative hypoxaemia, most CPAP systems are either 'home made' or incorporated in sophisticated ventilators used in intensive care units. This paper describes the development of a continuous low flow CPAP system using a large latex reservoir bag and venturi generated positive end expiratory pressure (PEEP). The system has been successfully used for over twelve months in the general wards, the intensive care unit, accident and emergency department, the recovery ward and the coronary care unit.
1. Separate oxygen and air flowmeters. These can be conventional flowmeters with a maximum flow rate of approximately 20 Umin or special high flow meters (Uleo Engineering), with individual flow rates for both the oxygen and air flowmeters of up to 100 Umin. The required flow and inspired fracton (FP2) is determined by separately adjusting the oxygen and air flowmeters. Alternatively an oxygen/air blender can be used to provide a predetermined oxygen concentration. 2. A block housed inside a fibreglass unit which has a common entry port for inspired gases, an exit port for the mixed gas to be delivered to the patient and an expiratory port to which the expiratory limb is attached.
A high-compliance, 25-litre capacity latex
reservoir balloon is fitted onto the block which hangs below the fibreglass housing ( Figure 3 ). 4. An aneroid manometer for measuring pressure within the patient circuit. 5. Humidifier, if desired. 6. Bacterial filter. 7. An adjustable venturi in the fibreglass housing, which provides levels of PEEP up to 20 cm H20 .
The entrainment orifice of the venturi injector is situated in the exhalation port which opens to atmosphere. The pressure within the circuit is limited by the pre-set PEEP level. The combination of an open system with no valves and a distendable reservoir bag limits excessive pressure building up within the system and minimises pressure fluctuations during the respiratory cycle.
A pressure monitoring device with alarms could be inserted in the system to monitor low and high pressures. In-line continuous oxygen analysis with alarm facilities is suggested as a means of monitoring Fj02. The system can be used with a tight fitting mask/nasal prongs or a tracheal tube. ApPLICATION The device has been used for a wide variety of causes of acute respiratory failure in the intensive care unit as well as in accident and emergency for cardiogenic pulmonary oedema and recovery and the general wards for postoperative respiratory function over the last twelve months.
The device is lightweight and portable and able to be used by members of both the medical or nursing staff after basic instruction. As stated, the system can be used with conventional or high flow meters. It is important to maximise the reservoir compliance, by adjusting the flow rates, to each individual patient. It can be attached to its own stand with a wheel base or to a drip pole. The inspiratory and expiratory ports are tapered 22 mm external diameter and 15 mm internal diameter, enabling standard patient circuits to be attached. In this configuration, it would be suitable for use in patients who are intubated. If desired, a configuration of a single inspiratory limb can also be used to provide continuous gas flow to a CP AP mask with an inbuilt PEEP valve 21 ,22 (Figure 2 ). Using a one-way valve to join the circuit to a positive ventilator, the CPAP device could also be incorporated into the intermittent mandatory ventilation (IMV) system. In this case, the CP AP system would only act as a source of inspiratory flow and the PEEP valve would be part of the ventilator.
DISCUSSION
Mandatory intermittent positive pressure ventilation (lPPV) has many disadvantages compared to spontaneous respiration. Venous return is decreased, resulting in decreased cardiac output,23 extrathoracic blood flow, especially to the liver and kidneys is decreased,24-26 and lung damage secondary to pulmonary barotrauma is a significant hazard during positive pressure ventilation in the presence of lung pathology.27 FIGURE 2.-The system can also be used with a CP AP mask. The inspiratory pressure is generated from the gas source and high compliance latex balloon while PEEP can be provided by a lightweight in-built valve. Humidification may also be included in the circuit. Pressure is monitored within the system by an aneroid gauge. Moreover, ventilation within the lungs is distributed more advantageously during spontaneous breathing. 28 All these factors have prompted a recent study to suggest that there is little place for conventional IPPV with PEEP in the management of acute respiratory failure and wherever possible, spontaneous breathing should be encouraged. 29 In the presence of acute respiratory failure this often means support with CPAP. Despite advantages of CP AP compared to IPPY and PEEP, there are few adult continuous flow systems commercially available. Many clinicians therefore resort to demand CP AP systems incorporated into the sophisticated ventilators used in intensive care. Unfortunately these are expensive and often inefficient compared to continuous flow systems. 16 ,17 Others use homemade systems. 30 The pressure fluctuations in this CP AP device compares favourably with other low flow systems over a wide range of flows and the noise level is relatively IOW. 31 It also has certain advantages over the adjustable venturi flow generator which is not only noisy,31 but provides lower concentrations of oxygen as the flow rate increases and may not be clinically safe. 18
Anaesthesia and Intensive Care, Vol. 19, No. 2, May, 1991 While it is generally realised that resistance in the inspiratory limb of the breathing circuit increases the work of breathing,32 the role of resistance in PEEP valves is also important. 33 ,34 PEEP devices are either flow resistors or threshold resistors. The ideal PEEP valve is a threshold resistor which, above its threshold pressure, maintains a constant pressure independent of gas flow through the device. 34 The flow resistance of most commercially available expiratory pressure valves varies considerably. 33, 34 The PEEP is controlled in this device by a venturi device. 35 ,36 This allows fine smooth control of expiratory resistance as valve opening is not required and opening pressure can be maintained at a very low level, allowing low expiratory workloads. 35 High expiratory resistances increase the work of breathing,34,35 and may depress cardiovascular function 37 and increase intrinsic PEEP. 38, 39 The expiratory flow-resistive work is much smaller with a venturi PEEP system compared with other PEEP valves. 35 There are other potential advantages in a venturi PEEP system. First, because there are no valves and it is open to atmosphere, it is safe from accidental development of excessive pressure within the system. Second, flow reversal can occur during inspiration helping to maintain positive pressure throughout the respiratory cycle, in contrast to most PEEP valves which prevent return of gases.
In summary this CP AP system is a simple, versatile and effective device able to be safely used by most members of the nursing and medical staff after a short period of instruction.
